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ABSTRACT: Compact arrays enable various applications such as antenna beam-forming and MIMO 
schemes on limited-size platforms. The reduced element spacing in compact arrays introduces high levels of 
mutual coupling which can affect the performance of the adaptive array. This coupling causes a mismatch at 
the input ports, which disturbs the performance of the individual elements in the array and affects the 
implementation of beamsteering. In this paper, a reactive decoupling network for a 3-element monopole 
array is used to establish port isolation while simultaneously matching input impedance at each port to the 
system impendence. The integrated decoupling and matching network (DMN) is incorporated in the ground 
plane of the monopole array, providing further development scope for beamforming using phase shifters and 
power splitters in double-layered circuits. 
 
1. INTRODUCTION 
Spatial diversity can significantly enhance the system capacity of wireless networks [1]. The adverse effects 
of mutual coupling in arrays are usually restricted by using an inter-element spacing of at least half a 
wavelength (λ/2). For antenna diversity in mobile applications, an element spacing considerably smaller than 
λ/2 becomes unavoidable. Reduced element spacing results in increased mutual coupling between array 
elements, which can decrease the antenna gain and cause significant system performance degradation [2, 3]. 
The effects of mutual coupling can be countered by using passive, lossless decoupling and matching 
networks. A decoupling network consists of interconnected reactive elements and/or transmission line 
sections and stubs. It provides an additional signal path between the array elements, which effectively 
cancels the external coupling between them. Various implementations of decoupling networks have been 
described in the literature [4]-[9]. A systematic design approach for larger circulant symmetric arrays has 
also been proposed [10]. The design procedure involves the repeated decoupling of the characteristic 
eigenmodes of the array. In most cases, additional matching networks are required to ensure an impedance 
match at each port.  
In this paper, a reactive decoupling network for a 3-element monopole array is used to establish port 
isolation while simultaneously matching the input impedance at each port to the system impendence. The 
integrated decoupling and matching network (DMN) is incorporated in the ground plane of the monopole 
array, providing further development scope for compact beamforming circuitry using phase shifters and 
power splitters on a separate substrate in a double-layered configuration. 
 
2. INTEGRATED DECOUPLING AND MATCHING NETWORK SYNTHESIS 
The 3-element uniform circular array in Figure 1 is characterized by the scattering matrix aS , given by 
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The corresponding admittance matrix can be calculated from 
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where I is a 3 3   identity matrix and 0Y  is the characteristic admittance of the system. Impedance 
transformation can be obtained using the circuit shown in Figure 1. It consists of three identical transmission 
line with a characteristic impedance 01Z  and electrical length 1  . Using transmission line theory the 
admittance matrix at ports 1 , 2   and 3 can be calculated from [11] 
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The proposed decoupling network incorporates impedance matching at the ports without the need of 
additional matching circuits. The design consists entirely of transmission line sections with a characteristic 
impedance TLZ  and electrical length TL . The admittance matrix of single transmission line section is given 
by 
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The DMN provides feed ports in-between array elements, as seen in Figure 2, with 02TLZ Z  and 
2 / 2TL   . The admittance matrix Y  at ports 1  , 2  and 3  can be calculated from [11] 
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The scattering parameters are then obtained using the following transformation 
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The fraction of radiated power for a symmetrical 3-element array is given by 
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To simultaneously achieve port isolation and an impedance match at ports at ports 1  , 2   and 3  
parameters 01 02 1 2, ,  and Z Z    are optimized to maximize the radiated power, or equivalently, by minimizing 
the following cost function: 
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In order to aid the implementation, the electrical lengths 1   and 2   can be increased by multiples of 180° 
and 360°, respectively. 
 
 
3. DESIGN EXAMPLE 
The design procedure is illustrated using a 3-element array with an inter-element spacing of 0.15 at a 
frequency of 2.45 GHz. Standing monopoles were used as the array elements. These elements were selected 
for their wide angle steering capability and simplicity in manufacturing. The monopoles shown in Figure 3 
have a top radius of 1.5 mm and a bottom radius of 0.79 mm. The top cylindrical section is 23 mm long and 
the bottom section has a length of 1mm. The tapered length between the two sections is 5 mm. The 
monopoles were mounted on Rogers RT 4003 substrate (thickness 0.813 mm, relative permittivity 3.55r    
and loss tangent tan 0.0027 ) and fed using a 50 Ω conductor-backed coplanar waveguide (CBCPW) 
with a gap of 1mm gap and a track width of 1.7 mm. A photograph of the original array is shown in Figure 4, 
while the measured scattering parameters for the original array are depicted in Figure 5. 
The parameters of the DMN were calculated by using the optimization cost function defined in (11), and the 
results are shown in Table 1. Given the array geometry, the solution for electrical length 2  was too short 
and was therefore extended by 360°. After additional tuning, the physical line lengths and track widths for 
the CBCPW line sections were obtained and are listed in Table 2. The transmission line section which 
provide the impedance transformation needs to be meandered in order to keep the DMN dimensions 
as compact as possible. The coordinates of a horizontal meandered line can be obtained using the 
following parametric equation 
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Here R is the initial horizontal displacement of the feed line from the origin, l is the required total horizontal 
length of the line, n is the number of bends in the meandering curve and R  represents the amplitude of the 
meandering deviation from the straight line connecting the starting point and the endpoint, as illustrated in 
Figure 6. Similarly, a meandering curved line was implemented to connect two impedance transforming 
line sections, with the coordinates of points on the curve defined by 
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Here R is the radius to the starting point of the curved line from the origin, R  defines the amplitude of the 
meandering deviation from a circular curve between the connecting points, n is the number of bends in the 
meandering curve, while  s   and e  define angles of the starting point and end point of the curve, as shown 
in Figure 7. By using these equations, a line of arbitrary length can be defined between the start and end 
points. 
 
The final implementation of the DMN is shown in Figure 8. The circuit was analysed using CST 
Microwave Studio, and the simulated results for the scattering parameters are compared to 
measured data in Figures 9 and 10. Figure 11 shows measured and simulated azimuth radiation 
patterns for the case where a single port is driven and the unused ports terminated in matched loads. 
 
4. CONCLUSION 
We successfully demonstrated the implementation of an integrated decoupling and matching network for a 3-
element monopole array. The DMN is incorporated in the ground plane of the monopole array. Excellent 
agreement between simulated and measured results was obtained. The incorporation of the DMN in the 
ground plane of the array provides further development scope for additional beamforming circuitry in 
double-layered circuits while restricting the overall size of the system.. 
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Figure 1  Impedance transforming circuit for 3-element circular array. 
 
 
Figure 2  Integrated DMN for the 3-elemnt circular array. 
 
 
Figure 3  Dimensions of the standing monopole elements. 
 
 
 
Figure 4  Photograph of the original 3-element monopole array fed by 50 Ω CBCPW lines. 
 
 
 
 
 
Figure 5  Measured scattering parameters of the original 3-element monopole array. 
 
 
 
Figure 6 Meandering line for restricting the overall dimensions of a straight transmission line 
section 
 
 
Figure 7 Meandering line for restricting the overall dimensions of a circular segment of 
transmission line 
 
 
 
 
Figure 8  Integrated DMN incorporated into the groundplane of the monopole array. 
 
 
Figure 9  Measured and simulated reflection coefficient of the array with the DMN. 
 
 
Figure 10  Measured and simulated results for the mutual coupling of the array with the DMN. 
  
 
Figure 11  Measured and simulated azimuth radiation for the decoupled and matched array fed at a 
single port and the unused ports terminated in matched loads. 
 
 
Table 1: Decoupling and matching network design parameters. 
 
01Z  49.3 Ω 
1  106.8° 
02Z  61.6 Ω 
2  75.4° + 360° = 435.4° 
 
Table 2: Physical dimensions of the CBCPW line sections. 
 
1l  27.05 mm 
1w  2.01 mm 
2l  89.2 mm 
2w  1.6 mm 
 
Figure captions 
 
Figure 1 Impedance transforming circuit for 3-element circular array. 
Figure 2 Integrated DMN for the 3-elemnt circular array.  
Figure 3 Dimensions of the standing monopole elements. 
Figure 4 Photograph of the original 3-element monopole array fed by 50 Ω CBCPW lines. 
Figure 5 Measured scattering parameters of the original 3-element monopole array. 
Figure 6 Meandering line for restricting the overall dimensions of a straight transmission line 
section. 
Figure 7 Meandering line for restricting the overall dimensions of a circular segment of 
transmission line. 
Figure 8 Integrated DMN incorporated into the groundplane of the monopole array. 
Figure 9 Measured and simulated reflection coefficient of the array with the DMN. 
Figure 10 Measured and simulated results for the mutual coupling of the array with the DMN. 
